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(ZZXRi . R 2 . R 3 „ R* liWmx-Ztl^im *9) ) . 

&lz%m. 1 ~ 1 2^T)V^)Vttz\XT)Vo^m. m [0003] 

^mrnmmmit&mv. m-wwymizmw x. ^y^-^^z^mrnr^j^.^. mi 

W»mtfi>&kZlzli*tii>\ift-X'i>r>xi>m%'>x MA, 4' -b'x (n- (3-*f-/l/7x-/l/) -N- 

Wtt>J:V>. Km. n. ott**l<m8l£fc 0~ 7x^7*57) t'7x_;k (JJTFTPD) #«E 

Avmm^-t. ) xmtihfc&faztt-r&zti ^m^-ffimmmmtLxMm^ixx^. 

[00013 <k9. mm<r>ffi@£tttf±t. gfct&ttiibWhti 

[0002] [0004] MtO|6j±Uc*«E 

[(**«?] «3fc6»fefflir^*irv^ifltci^^ ho LJIFPMtflWiil:?**. 

*5 * 7*yxff (OTiUSE l*f ) fcL [0005] 

iOfclWEjWMrea-jfc. fijfi, C. W. Tang [i*g£JS&-r 6 *#>?>#&] #ftBj§gg^ WL 

r««ftt*r**«xi'^ha^S*vfe>'^3|f? yft^BW)!Sn&»T, 4,4' -h** (N. N-SfKVi? 

(j&tfwel**) mmu msm>, tmm. *75/> ^y^-^m^mm^it-mm^z 

S»SO*fiE L#F*»||S-efc (&Blt@5 9-19 ttc«t 0 . *-**WRt«WL. *«E LSTOffitt 

4 3 9 3^&*8) . #88E LJimi, iMSE L*PfcJt ££tt#BUl$ft&^h fcftWH U *WBfcMofc. 

^ mmm, £sn& hut. ^<tt^»w*«*fci4*a 

7 ■ T7y4 H'7^Vn(Jpn. J. A PP X*FfciN vc . SuEfUaaittPli: l/CTEfc2 

1 . Phys. ) 27&. L269 ( 1 988) ) . 40 [0006] 

( it*~t)V ■ *7 • T~Ty4 H ■ 7 4 iS<v 9X ( J . ] 
AppI. Phys. )£6 5& 3610H<198« 
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(ZZTRi , Rz . R 3 » R4 ttSftST-^il-fiXih 

^ron^^^-ri,^sKtta^fl:^5»T. r- 

•y-fe VX*F* gfiW-S £ fc h . 

[0007] BTF. *%BBt J: S E LS^tco^TPiHI 10 

tt.2X'mtl&{L-&faX'hh. ZZX\ SJftSRi . r 
2 , Ra . R4 lt*ti?tiM%&&X't)ZZbi>*im? 

[ooo8] mm. 1-12 <7)Tfr*tmb ux«±. m 

Hi. yf-/k x^-/k TnbVk 7*^-/k ^y^-/k 
M^;k 'vr*A\ fyHt'tS. 1 ), y 

^-;k xf-A*«lF4U». SfclRXftl^- IOTA'S 
^>-StL-C«. y x^y. Ta4«fi<% 7" 20 

Jj-^f-yP**^ TS'rt'tf^S'&irC&D. yb 

«6~1 4 ) <03?#&#tfbkii?Si LT»i7xX;k 5 
-7A'3*5'7xXA<*, 4-T;k3*>'7xX;^ % 
5-7/P^7x-;ua. 4-7y^/l'7x-;ll, 1 

T4 -fi^Jtii 5 -ficor^^^3t*±r^3^^^ 
lUimERi , Ra . Ra . R4 X^MLfz.T)V*)V& 

mmmte&bmtix&+*y*y-2-4)i>^ t 
o&y-2-4M£* eu ^-3-4/1^ b-y^v 
-4-4A*#fiaR£ii&. 

[0 0 0 9] JlttW&lT^fctyt. 4, 4' -b'X 
(N, N-sttfUSWrSy) b'7i-;K 4.4'- 

b*x (n- (3-^f-;i/tr y v» -N-t* us^rs 

y) h*7xx;k 4, 4' -b"X(N- (3-^h^rv 

tryv» -N-b-y^wrsy) h'7i^. 4. 

4' -b'X (N, N->? O-XfTUfDSW TS 40 
y) h'7x-;K 4, 4' -b'X (N. N-b*X (3- 
yMri/tySW T$/) t'7i-/k 4- (N, N 

-yty^rsy) -4' - (n, N-bx (3-y 

f-^tys^rsy) ) t'7i-;K 4- (N, N-y 

trys^rsy) -4' - (n* - (3-yf-;nruv 

[0010] *m\lZffi8cr>{£2X'K21x&te&to<?>£ 

ffi&mzmzztvf. mm. 4, a' -&a-\<\: 
ismmmmzzttfx'zz. m % z.tit><ntt& 50 
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[0011] ^Mcfcwcti. *^^BWSr«^*> 
^rV^T'^2T*$ii4ft^t)5:Si^<0S^lff« 

(mjmmtn : ?mmm®&) izMnntxm 

£R£fcfc3Jvfrt\&<« Mtli. h 'J7i-;^'rs ym 

y-*75>«awfc x^)\^ymm%t'*m.^z. 
ttfx-th. {t2x^zti&itiitettm<?)mmmti 

tonwmm&mi 0 otc#LTi*t2T*3*i.sft3- 

^ L<»i8 OJiUbWffifflT&S. 
[0012] tttmilzte. fc2XypZtihtt&fa 
Bt»c7)g^^^fri: LXZtilzMlLKmt LX 

l<. fRittf. *y (n-\z=jM)n,w-)V) . .-Ky 
r-yyai^-e^i^flc. *'jf^7i«« 
4?y ( P -7x^yh^i/y) atx^^*. 

4f'J (2, 5-^x^>b'^y)2H/*<7)^{^ 

^y^-^-h. ^yy^^yv—h. ^yy^y 
^y^-K ^yx^-uy, rf?y<gfl:b*^;K ^u^ 

;^N*y-;l^) . tf'JT-'jy&if-f-ogsg*. #y^ 

yx>Rl/^Wg^ft. ( P -7i-Uyh'-l/ 

y) RVze&mfc dfj (2. 5-^-vy\L-v 
y) RvzvmmmtismMimnt ixmmi> 

[0013] *%mtzti^xmmt Lxm-ttm. 
ftmmizm&ti-r. mm. y-vtvywm. r 
yh7-b^flt. ^vvywmw. ^yy^-y^. 
vyy-yHk. nyy^ ^r^y^t'cofe^a. 8 
-bKn^^yyy^itf-ew^f^^sm. 3? 

*KT$y. fh77x-^y;n^y'li^S 
ft. xh77xx;|,y^i/xygi^ft^i:*!|tiaBS57- 
51781^. PI5 9-194 3 9 3^ffitBS$*l 

[0014] s^c. m^P3-7 1 4 5 3^mm 
<omm&m.^xv ( P -7x-^t'-i/y) . ^ 
y (2, 5- : J'<r s h)Vtti'-p-7 x.-vyM-v 
y) %z<r>m3mft=Fi>mMmt ixm^izttf 

TZZ. £tz. *%mtZt5^X\i. fc2X^%tlhtt& 

totmmimtcom.'&tozmmt txm^zzt 

tztt&Lt:mtLXfn^&Zki>$ttiZ>. iftJHMfcn 

Mmm<?)i>c7)£m\^zktfX'Zz>tf. -siwtizm- 
mW)m<%^i>co#imizm^t>ti&. #v <n- 
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tt. *y (p-7i-i/yt'-uy) atx-e^i^^ 
*'J (2. 5-f-x^^yb'-wy) mz<7>m&#. 

^'Jl'-K tf'JX^y. tfUfifch'x/K ^'J^ 

[oo 1 5 j *i6^owse Lm^cr^m^mmz^ 

^Fm^-tim^h^mmi thzt t-cs s . 
•ess. 

[0016] iUlfe^FCff* U*F»3BHU PMfc/ 
[0017] *fflto>E LS?<0flfiSfcO^TJaTfcj£ 

Wfctt-f • XX ■ *4riM F ( I TO) . Kfc 

XX(NESA) . Au. Pt t Ag, Cu^iV^ 

[0018] Kwc. Z0Mm±.ttE3Ummb u-c* 
W&X^Ltt&ZitrzWixVya-T-j y?m. * 

*XT4>?&. f^yty/a. D- 
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[0019] ±M£Efimm<ommtlXitO. 5nm 
-1 Oum^ MZKiil nm~ljt/mT*>S. VSgft 
&k±ifXm®&*±ifht$>£\t2 nm~2 0 0 n 

iB*I*ll*«fc*>. «IEF*4^fcPRStt* 
HSCF. 3 0—300TX #2 L<li6 0~2 0 0X:<D 

[ 0 0 2 0 ] ±gOiE7L«iilll*«trftiSr^* 
tfiU*. 

[0021] %%H«)jR01i. ^< kt,ey*-w 

%\\ lit^oT, &3fcStf>&Wi0. 5nm~10*t 
irw »tL<{ilnm~l jurru $4>(C#£Ktt5~ 
20 20 0nm-C^. 

[0022] acvve, jE?i*ijiia/%3tios«±. » 

ttP* J »iLV^ A U In, Mg, Mg-A 

I n-Ag^i, Mg- I n^:, C atiilf 

30 [0023] 

[OO24]l3fe0«l 

X^-/^lly^tCJ:-?T. 2 0nmc9Jf^-CITOlt£ 
W«S^X*Rt:. jE^iSatLT. 4, 4' -f 
X (N, N-yfU^>TS/) t*7x-/k (WTBD 
PAtB&E-fS) &3XlO- 6 Torr<^I2Tt, ^ 
^tiOeOnm^^-CJSJiL^. 

40 ->7A (Alqs ) J40nm t Sgt. -?"^)±C^ffik 

sf«?L^. zit^mmm\t. M^zmzt* 

T3X 1 0" 6 To r rJilT-C*>-53t. ClO^^«E2 
7V^fflnjL^ki^m^S4 4mA/cm2 ^mSS 
^sm, »^ 1 7 5 c d/m* (OlibfeOE LIBfe^l^ 

U.:. BDPA^rfflV^fg^il 0 0r$ri@XJt«®fc 
50 fcv^Tt. S^iOiSTIi^S^^t^Jfll^^, % 
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[OO25JHift0l2 

XrtvfOyflZXiX. 4 0nmtf)J?*'CITO$£ 
Witfctf7Z.WSx.t1Z* JEf[Mj£Mb L/C. BDPA£3 
X 1 0-«To r rtf)K£TT\ H«^J: 0 5 0 nm«| 
^-ClSJSL^. ifcWC, *<0±t. &3ftfi: UT, A 1 
qs £100nnu St. *tf)±fcmfiii: LX. 
i/^J* ■ 1 5 0 nm ("e^S^A : MUMS. 

ttxi 0:1) mxLximELmttimLt:. zti 

Ttf->fc. mS<r>t ZCDii^&itfKX 3 X 1 0- 6 To 
rrJMTT&ofc. Z<m?£.n&3 3V£ffliaLtlt 
ZZmm&l 3 7mA/cm' 4>«SK#8Bu «S2 
0 0 0c d/m' tftflbfeOE Lmtfm&ztvfz. »Jg 

*U #SL*#^ EL|fcfttf)£fc£iit3ilLfc. BDP 
AfcJ8Hfc*Fttl OO^fcjBtfc&llKtSVvCi). n 

[0026] itH^l 

XrtyfOyftZX-oX. 2 0nm<0ff*-CITOM£ 
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ftWby?**!*:. iEfl^SSt LT, 4, 4' -h* 
X (N- (3-^f;P7i-^) -N-7x-;l^T5 
J) t'7x-/KTPD) $r3XlO- 6 Torr<OKS 
TC, 3£tfcJ: 0 5 0 nmCDmX-Xfmitl. K^X. 
-5-<0±£. 363flfi:Lt\ Alqs ^8 0 nm. Jgfc. 
*tf>±fc&«ifc . A y v>7ASr 6 00n m^#L 
X. *ltEL#PMWLfc. £*ifc*>£Jitf8iaRi, 
fc&<«JFF. aKLTtfofc. m&>t 
^vymmtft-Xl X 1 0" 6 To r r&TXh^iZ. 
10 ^^^M^SSfcAfU ELH3t 
«85fl:*MfcLfc. TPDfcfljvvWRfli* 8 0iC2rS 

[0027] 

*m m&i><o&m.Lxim&'&&tffo±.L. n 

J: S E LS^t«t 0 . A* ? 54 h t l/Ctf)ffi#m 

20 



